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(54) Valve 

(57) A valve, for example as shown in Figure 2, 
comprises a valve member 26 which is engageable with 
a first seating to control communication between first 
and second ports 30, 23 and a second seating to control 
communication between second and third ports 23, 36. 
The second seating is provided upon a separate seating 
member 31. 
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Description 

[0001] This invention relates to a valve, and in par- 
ticular to a three way valve suitable for use in controlling 
the operation of a fuel injector. It will be appreciated, 
however, that the valve may be suitable for use in other 
applications. 

[0002] It is known to use a two way control valve in 
a fuel injector of the type used in a common rail type fuel 
system to control the fuel pressure within a control 
chamber, thereby controlling the timing of fuel injection. 
For example, the control chamber may communicate 
with a source of fuel under pressure through a restricted 
flow passage, the control valve controlling communica- 
tion between the control chamber and a low pressure 
fuel reservoir. In such an arrangement, during injection 
of fuel, fuel may be able to flow at a restricted rate to the 
control chamber and from the control chamber to the 
low pressure reservoir. Clearly, the presence of such a 
fuel flow path results in the fuel system being inefficient. 
[0003] The provision of such a flow path may be 
avoided by replacing the two way control valve with a 
three way valve arranged such that the control chamber 
communicates either with the source of fuel under pres- 
sure or with the low pressure reservoir. Direct communi- 
cation between the source of fuel under pressure and 
the low pressure fuel reservoir is thus prevented or 
restricted to the periods during which the valve is being 
switched. 

[0004] According to the present invention there is 
provided a valve comprising a valve member slidable 
within a bore formed in a valve housing, the valve mem- 
ber including a region of enlarged diameter which is 
engageable with a seating defined by pan of the bore to 
control communication between a first port and a cham- 
ber, a second port communicating with the chamber, the 
valve member further being engageable with a seating 
defined by a seating member located within the cham- 
ber and obscuring a third port to control communication 
between the second port and the third port. 
[0005] The seating member may be movable later- 
ally within the chamber, or may be secured in position 
within the chamber by means of an adhesive material. 
[0006] The valve member is preferably arranged to 
extend through an opening formed in the seating mem- 
ber, and to define a restriction to fluid flow between the 
second port and the third port when the valve member 
is spaced from the seating defined by the seating mem- 
ber. The restriction to fuel flow may be defined between 
the valve member and the seating member, or may be 
defined by a small diameter drilling formed in the valve 
member. 

[0007] The valve member may be moveable under 
the control of an electromagnetic actuator operable 
against the action of a return spring. Alternatively, the 
valve member may be moveable under the control of a 
piezoelectric actuator. 

[0008] The control valve may be used in controlling 



the operation of a fuel injector of the type including a 
supply passage or line arranged, in use, to communi- 
cate with a source of fuel under pressure, and a control 
chamber defined, in part, by a surface associated with 

s the valve needle of the injector, the surface being orien- 
tated such that the application of fuel under pressure to 
the control chamber applies a force to the needle urging 
the needle towards an associated seating, the control 
valve being arranged such that the first port thereof 

w communicates with the supply passage, the second 
port thereof communicates with the control chamber, 
the third port of the control valve communicating with a 
low pressure fuel reservoir. 

[0009] The invention will further be described, by 
15 way of example, with reference to the accompanying 
drawings, in which: 

Figure 1 is a sectional view illustrating a fuel injector 
incorporating a valve in accordance with an embod- 
20 iment of the invention; 

Figure 2 is an enlargement of part of Figure 1 , illus- 
trating the valve in greater detail; and 

25 Figure 3 is a view illustrating some modifications to 
the arrangement of Figures 1 and 2. 

[001 0] The fuel injector illustrated in Figures 1 and 2 
comprises a nozzle body 10 having a blind bore 11 

30 formed therein. A valve needle 1 2 is reciprocable within 
the bore 11, the needle 12 including a relatively large 
diameter region shaped to cooperate with the adjacent 
part of the bore 11 to guide the needle 12 for sliding 
movement within the bore 11, and a reduced diameter 

35 portion which defines, with the bore 11. a delivery 
chamber 13. The needle 12 is arranged to be engagea- 
ble with a seating to control the delivery of fuel from the 
delivery chamber 13 to a plurality of outlet openings 14 
which open into the blind end of the bore 11 down- 

40 stream of the seating. 

[0011] The bore 11 defines an annular gallery 16 
which communicates through flutes 17 formed in the 
needle 12 with the delivery chamber 13. The gallery 16 
is arranged to be supplied with fuel under high pressure 

45 through a supply passage or line 18 defined, in part, by 
a drilling 19 provided in the nozzle body 10. The supply 
passage 18 conveniently communicates with the com- 
mon rail of a common rail type fuel system which is 
charged to a suitably high pressure by an appropriate 

so high pressure fuel pump. 

[0012] The nozzle body 10 abuts a distance piece 
20 which is provided with a blind bore defining a control 
chamber 21 into which an end of the needle 12 extends. 
A spring 22 is located within the control chamber 21 , the 

55 spring 22 applying a biasing force to the needle 1 2 urg- 
ing the needle 1 2 towards a position in which the needle 
12 is in engagement with its seating. A drilling 23 is pro- 
vided in the distance piece 20, the drilling 23 defining a 
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fuel flow path between the control chamber 21 and the restricted rate upon the enlarged diameter region 28 

surface of the distance piece 20 remote from the nozzle being lifted from the second seating, 

body 1 o. [001 7] The armature chamber 34 houses an arma- 

[001 3] The distance piece 20 abuts a valve housing ture 35 which is secured to the valve member 26. The 

24 which is provided with a through bore 25, eccentric to s armature 35 is moveable by an electromagnetic actua- 

the axis thereof, within which a valve member 26 is slid- tor 37 to cause movement of the valve member 26 

able. The bore 25 is shaped, at its end adjacent the dis- between a rest position in which the valve member 26 

tance piece 20, to define a chamber 27, the chamber 27 cooperates with the second valve seating, and an ener- 

being shaped and of suitable dimensions to communi- gised position in which the valve member 26 cooperates 

cate with the drilling 23. At the point at which the rela- io with the first valve seating, against the action of a return 

tively small diameter, main part of the bore 25 opens spring 40. The actuator 37 is located within an actuator 

into the chamber 27, the bore 25 is shaped to define a housing 38 to which the valve housing 24, the distance 

first conical valve seating with which an enlarged diam- piece 20 and the nozzle body 10 are secured by a cap 

eter region 28 of the valve member 26 is engageable. nut 39. 

The part of the valve member 26 adjacent the enlarged is [0018] In use, with the actuator 37 de-energized, 
diameter region 28 is of reduced diameter and defines, and with the supply passage 1 8 connected to a suitable 
with the bore 25, an annular chamber 29 which commu- source of fuel under high pressure, it will be appreciated 
nicates through a drilling 30 with the supply passage 18. that the delivery chamber 13 and the control chamber 
It will be appreciated that the engagement between the 21 are both charged with fuel to a high pressure. The 
enlarged diameter region 28 and the first valve seating 20 effective area of the needle 12 exposed to the fuel pres- 
controls communication between the supply passage sure within the delivery chamber 13 is smaller than that 
18 and the control chamber 21. within the control chamber 21 and as a result, the appli- 
[0014] A seating member 31 is located within the cation of fuel under high pressure assists the spring 22 
charrber 27, the seating member 31 being of annular in urging the needle 12 into engagement with its seat- 
form. The seating member 31 defines a second valve 25 ing. Injection of fuel does not. therefore, take place, 
seating with which the enlarged diameter region 28 of [001 9] In order to commence injection, the actuator 
the valve member 26 is engageable. The seating mem- 37 is energised to move the armature 35. and hence the 
ber 31 defines an opening 32 through which the valve valve member 26, lifting the enlarged diameter region 
member 26 extends in a substantially piston like man- 28 of the valve member 26 away from the second seat- 
ner, the valve member 26 extending into a recess 33 30 ing and into engagement with the first seating. As a 
formed in the adjacent face of the distance piece 20. result, fuel is able to f tow from the control chamber past 
The recess 33 communicates through drillings 36 the second seating to the low pressure fuel reservoir, 
formed in the distance piece 20 and the valve housing the rate of fuel flow being restricted as described here- 
24 with an armature chamber 34 formed in the end face inbefore, and the flow of fuel to the control chamber 21 
of the valve housing 24 remote from the distance piece ss from the supply passage 18 is broken. The fuel pres- 
20. The armature chamber 34 communicates through sure within the control chamber 21 falls, and a point will 
passages (not shown) with a low pressure fuel reser- be reached beyond which the action of the fuel under 
V oji- pressure within the delivery chamber 13 will be suffi- 
[001 5] The seating member 31 is shaped so as to cient to lift the needle 12 away from its seating against 
obscure the recess 33. As a result, when the enlarged 40 the action of the reduced fuel pressure within the control 
diameter region 28 of the valve member 26 engages the chamber 21 and the action of the spring 22. The move- 
second seating, communication between the control mentof the needle 12 away from its seating permits fuel 
chamber 21 and the low pressure fuel reservoir is bro- to flow past the seating to the outlet openings 14. thus 
ken. Upon movement of the valve member 26 to move delivery of fuel commences. 

the enlarged diameter region 28 thereof away from the 45 [0020] As the rate at which fuel is able to pass the 
second valve seating, communication between the con- second valve seating is restricted, it will be appreciated 
trol chamber 21 and the low pressure fuel reservoir that the movement of the needle 12 away from its seat- 
occurs. However, the rate at which fuel is able to flow ing will occur at a relatively low rate, 
towards the low pressure fuel reservoir is restricted to a [0021] When injection of fuel is to be terminated, 
relatively low level by the fit of the valve member 26 so the actuator 37 is de-energized, the valve member 26 
within the opening 32 of the seating member 31 . returning to its original position under the action of the 
[001 6] In order to permit fuel to f tow towards the low spring 40. As a result, the enlarged region 28 moves 
pressure fuel reservoir, one or more grooves or flats 41 into engagement with the second valve seating, termi- 
may be provided in the part of the valve member 26 nating the flow of fuel to the low pressure fuel reservoir, 
which extends through the opening 32 of the seating ss the region 28 moving away from the first valve seating 
member 31 . Alternatively, or additionally, a small diame- thus permitting fuel to flow to the control chamber 21 
ter drilling 42 may be provided in the valve member 26, from the supply passage 18. The fuel pressure within 
the drilling 42 being positioned to permit fuel to flow at a the control chamber 21 rises rapidly, and a point will be 
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reached beyond which the control chamber pressure is 
sufficient to cause the needle 12 to return into engage- 
ment with its seating. 

[0022] As the second valve seating is provided on a 
separate seating member 31 located and movable later- s 
ally within the chamber 27. it will be appreciated that 
manufacture of the injector is relatively simple, the diffi- 
culties associated with machining seatings in separate 
housing components which must align with one another, 
in use, being avoided. Instead, the seating member 31 io 
is simply located within the chamber 27 during assem- 
bly, cooperation between the valve member 26 and the 
seating member 31 moving the seating member 31 to 
the correct position. In use, the fuel pressure within the 
chamber 27 and the low pressure within the recess 33 15 
ensure that the seating member 31 remains in engage- 
ment with the distance piece 20. 
[0023] Alternatively, the seating member 31 may be 
secured in position within the chamber 27 by means of 
an adhesive or semi-adhesive material. In this case, 20 
prior to assembly of the valve, an adhesive material is 
applied to a part of the upper end surface of the dis- 
tance piece 20. When the valve is assembled, the seat- 
ing member 31 is located within the chamber 27 and is 
secured in position within the chamber 27 by means of 25 
the adhesive material. Preferably, the material which is 
used will have adhesive properties which permit a small 
degree of lateral movement of the member 31 within the 
chamber 27 on assembly before the adhesive hardens, 
thereby enabling the seating member 31 to adopt a 30 
secured position within the chamber 27 in which the 
second valve seating is substantially concentric with the 
first valve seating defined by the bore 25. 
[0024] The armature 35 must be secured to the 
valve member 26 after location of the valve member 26 35 
within the bore 25. The armature 35 is conveniently a 
press fit, but may be secured to the valve member 26 by 
adhesive, or by welding, or the valve member may be 
arranged to form a screw thread in the armature. 
[0025] The seating lines formed between the 40 
enlarged region 28 and the first and second valve seat- 
ings, and the opening formed in the seating member 31 
are conveniently of diameter substantially equal to the 
diameter of the main part of the bore 25. As a result, the 
valve member 26 is substantially pressure balanced at 45 
all times. As a result, the actuator need only generate a 
relatively low magnitude force to control operation of the 
injector, and movement of the valve member 26 can 
occur rapidly. 

[0026] The arrangement shown in Figure 3 is simi- so 
lar to that of Figures 1 and 2, and only the differences 
therebetween will be described in detail. 
[0027] The first difference between the arrange- 
ment of Figure 3 and that described hereinbefore is that 
the seating member 31 is shaped so that the face ss 
thereof which cooperates with the surface of the dis- 
tance piece 20 is of part spherical form and is received 
within a part spherical recess formed in a seal member 



43. The seal member 43 is free to move laterally within 
the chamber 27. The use of such a seal member is 
advantageous in that, if the bore 25 or the second valve 
seating are not exactly perpendicular to the end face of 
the distance piece 20, articulation of the seating mem- 
ber 31 relative to the seal member 43 can compensate 
for such inaccuracies. 

[0028] A further distinction is that the diameter of 
the opening 32 is greater than that of the first valve seat- 
ing. As a result, movement of the valve member 25 in 
the downward direction, in the orientation illustrated, 
occurs more rapidly than upward movement. The 
arrangement may further be modified so that the seat- 
ing lines of the first and second valve seatings are of dif- 
ferent diameters by incorporating appropriate diameter 
steps 44, 45 in the bore 25 and the opening 32. As a 
result, the timing of commencement of movement of the 
valve member 26 for a given fuel pressure, in either the 
upward or downward direction can be modified. 
[0029] Finally, a small diameter drilling 46 provides 
a continuous restricted fuel flow path between the sup- 
ply passage 18 and the chamber 27. The control cham- 
ber pressure can thereby be allowed to rise, during 
injection, to a level just below that necessary to cause 
movement of the needle towards its seating. As a result, 
when termination of injection is to occur, this can be 
achieved quickly. 

[0030] Although in the embodiment and modifica- 
tions described hereinbefore the valve member is move- 
able by an electromagnetic actuator, it will be 
appreciated that the valve is suitable for use with other 
types of actuator, for example a piezoelectric actuator. 

Claims 

1. A valve comprising a valve member (26) slidable 
within a bore (25) formed in a valve housing (24), 
the valve member (26) including a region of 
enlarged diameter (28) which is engageable with a 
seating defined by part of the bore (25) to control 
communication between a first port and a chamber 
(27), a second port communicating with the cham- 
ber (27), characterised in that the valve member 

(26) is further engageable with a seating defined by 
a separate seating member (31) located within the 
chamber (27) to control communication between 
the second port and a third port (36). 

2. The valve as claimed in Claim 1 , wherein the seat- 
ing member (28) is moveable laterally within the 
chamber (27). 

3. The valve as claimed in Claim 1 , wherein the seat- 
ing member is secured in place within the chamber 

(27) . 

4. The valve as claimed in Claim 3, wherein the seat- 
ing member (31) is secured in place within the 
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chamber (27) by means of an adhesive. 

5. The valve as claimed in any of Claims 1 to 4, 
wherein the valve member (26) is arranged to 
extend through an opening (32) formed in the seat- 5 
ing member (31). and to define a restriction (41 . 42) 

to fluid flow between the second port and the third 
port when the valve member (26) is spaced from 
the seating defined by the sealing member (31). 

w 

6. The valve as claimed in Claim 5, wherein the 
restriction (41) to fluid flow is defined between the 
valve member (26) and the seating member (31). 

7. The valve as claimed in Claim 5. wherein the is 
restriction to fluid flow is defined by a small diame- 
ter drilling (42) formed in the valve member (26). 

8. The valve as claimed in any one of the preceding 
claims, wherein the valve member (26) is moveable 20 
under the control of an electromagnetic actuator 
(37) against the action of a spring (40). 

9. The valve as claimed in any one of Claims 1 to 7, 
wherein the valve member (26) is moveable under 25 
the control of a piezoelectric actuator. 

10. A fuel injector comprising supply passage or line 
(18) arranged, in use, to communicate with a 
source of fuel under pressure, and a control cham- 30 
ber (21) defined, in part, by a surface associated 
with the valve needle (12) of the injector, the sur- 
face being orientated such that the application of 
fuel under pressure to the control chamber (21) 
applies a force to the valve needle (12) urging the 35 
valve needle (12) towards an associated seating, 
and a valve as claimed in any one of the preceding 
claims being arranged such that the first port 
thereof communicates with the supply passage 
(18), the second port thereof communicates with 40 
the control chamber (21), the third port of the valve 
communicating with a low pressure fuel reservoir. 



5 



EP0995 900A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 99 30 7864 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of 



of relevant passages 



to claim 



APPLICATION (bitCt.7) 



US 5 551 398 A (SHINOfiLE RONALD D ET AL) 
3 September 1996 (1996-09-03) 

* column 4, line 35 - column 7, line 43; 
figures 5-7 * 

DE 42 36 882 C (DAIMLER BENZ AG) 
21 April 1994 (1994-04-21) 

* column 1, line 59 - column 4, line 20; 
figures 1-3 * 

DE 43 32 119 A (BOSCH GMBH ROBERT) 
23 March 1995 (1995-03-23) 

* column 3, Hne 22 - column 6, line 22; 
figure * 

DE 44 34 892 A (SIEMENS AG) 
11 April 1996 (1996-04-11) 

* column 1, Hne 48 - column 2, line 68; 
claims 8,9; figure * 

EP 0 615 064 A (GANSER HYDR0MAG) 
14 September 1994 (1994-09-14) 

* column 1, line 24 - column 5, Hne 36; 
figures 1-4 * 



The present search report has been drawn up tor ad cfaikro 



1,2,8-10 



1,3,5,7, 
8,10 



1,3,5,6, 
8,10 



1,3,8-10 



F02M47/02 
F02M59/46 



1,3,8,10 



SEARCHED (lnLCI.7) 



F02M 

F16K 



THE HAGUE 



Date or oompWion of the * 

9 February 2000 



Hakhverdl, M 



CATEGORY OF CITED DOCUfcCNTS 

X : particularly relevant H taken atone 

Y : particularly relevant B combined Mth another 

docunerrt of the samo category 
A : tochnotogiost betJcground 

O: " - 

P: 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the Ming ddte 
D : document cited In the application 
L : document cfted for other reasons 

& : member of th<» Karrm patent family, cor Responding 
document 



9 



EP0 995 900A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 7864 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office te In no way Hafote tor these particulars Milch are merely grven for tie purpose of ^formation. 

09-02-2000 



Patent document 
died In search report 



Publication 
date 



Patent (amity 
member (s) 



Publication 
date 



US 5551398 



03-09-1996 



CA 
DE 
GB 
GB 
GB 
GB 
GB 
GB 
JP 
US 



2145709 A 
19517578 A 
2289313 A,B 

2320288 A,B 

2320289 A,B 

2320290 A,B 

2320291 A,B 

2320292 A,B 
7310623 A 
5628293 A 



14- 11-1995 

16- 11-1995 

15- 11-1995 

17- 06-1998 
17-06-1998 
17-06-1998 
17-06-1998 
17-06-1998 
28-11-1995 
13-05-1997 



DE 4236882 


C 


21-04-1994 


NONE 






DE 4332119 


A 


23-03-1995 


GB 


2282184 A,B 


29-03-1995 








JP 


7174057 A 


11-07-1995 








US 


5441029 A 


15-08-1995 


DE 4434892 


A 


11-04-1996 


uo 


9610129 A 


04-04-1996 








EP 


0783625 A 


16-07-1997 


EP 0615064 


A 


14-09-1994 


CH 


686845 A 


15-07-1996 








DE 


59406752 D 


01-10-1998 



i For more details about this t 



see Official Journal of the European Patent Office, No 12/B2 



10 



